lipids (diet 11). In diets 12 and 13, cuttlefish liver oil was substituted by 4% of lipid fraction from cuttliefish meal, the level being comparable to that contained in the cuttlefish meal diet and corn oil. The broodstock on diet 12 were fed on both a high quality diet (diet 3) and a low quality diet (the essential fatty acid (EFA)-deficient corn oil diet) alternatively every three days; to examine how the quality of eggs produced changes every day.
The protein and lipid levels were adjusted to approximately 45 and 10%, respectively, the same levels as those used in the previous experiments. 1, 3, 5) The analytical data on the test diets and raw krill are shown in Tables 6-8. There was no marked difference in proximate composition among the test diets except for slightly low contents of crude lipid in diets 1 and 4, and of crude ash in diets 3 and 5, both containing cuttlefish meal as a protein source. The level of crude ash together with calcium and phosphorus of diet 4 was elevated to almost the same level as the control diet by a supplement of tricalcium phosphate in the diet. The mineral composition of white fish meal based diets indicated higher content of calcium and phosphorus, and lower level of copper. The values for diets and raw krill are all expressed on a dry basis. All the diets contained 40-50mg of vitamin E except for diet 7 which had about 130mg of the vitamin, the value being lower than that actually added to the diet (200mg).
Among the lipid classes, the proportion of polar lipids was lower in diets 2 and 5, containing defatted krill meal and cuttlefish meal respectively and was highest in diet 10 supplemented with 2.5%, krill polar lipid. Cholesterol was high in diets 3 and 4 containing cuttlefish meal and diet 13 containing the lipid fraction of krill meal.
As shown in Table 8 , all the diets contained sufficient amount of n-3 HUFA, the EFA for red seabream, derived from cuttlefish liver oil, krill oil and white fish meal or cuttlefish meal to satisfy its requirement8); except for the corn oil diet (diet 12) which was rich in 18:2n-6 and deficient in n-3 HUFA.
Investigation of Spawning and Evaluation of Egg

Quality
The eggs produced naturally by female broodstock, given each test diet, were collected every day from 16:00 to 09:00 next morning during the experimental period until May 30 in both 6t and 1t tanks in the aquarium. The method of Table 6 . Proximate and mineral compositions of the experimental diets for red seabream broodstock Table 7 .
Lipid classes of the experimental diets for red seabream broodstock Table   10 . Effect of broodstock diets on the spawning and egg quality of red sea bream the previous experiments due to a shorter spawning period of 21-26 days. However, these values are doubtful because number of female broodstock in each test lot which spawned could not be detected. The percentage of buoyant eggs is very important for evaluation of egg quality as described previously.1) When the results were compared, among the broodstock fed on diets 1 to 5 for the same period from March 26 to May 30 in 6t tanks, the percentage of buoyant eggs was lowest in the group on the control diet (diet 1). The replacement of white fish meal by defatted krill meal was not effective in improving egg quality, although the value of 65.6% in the control group was slightly elevated to 69.2%, suggesting that the non-fat-soluble fraction is not an effective component of raw krill on reproduction of red seabream. On the other hand, the value was almost 100% for the eggs produced by the broodstock fed on the diets containing defatted or in tact cuttlefish meal as a protein source. Supplementation of the cuttlefish meal diet with Ca at a level equivalent to the white fish meal diet exerted no ill effect on the percentage of buoyant eggs, suggesting that the difference of nutritional quality between white fish meal and cuttlefish meal is not due to a high Ca content in the former meal. The rate of hatching was also high in these eggs, the value being over 80% in comparison to less than 60% in the control group and those on the defatted krill meal diet. More than 97% of the hatched larvae were normal, resulting in high production of healthy seedlings. Thus the superior quality of cuttlefish meal to white fish meal as a protein source for red seabream broodstock diets was reconfirmed by this experiment. The addition of the fat-soluble fraction of cuttlefish meal to the control diet (diet 13) resulted in no marked improvement in final productivity of normal larvae, nevertheless an increase from 33.4 to 41.2% was brought about by the treatment. This suggests that the high dietary value of cuttlefish meal is mainly due to the non-fat-soluble fraction in the meal. The high egg quality obtained in the group fed the cuttlefish meal deteriorated on feeding them the corn oil diet alternatively every three days (diet 12). The percentage of buoyant eggs was reduced from 99.3% to 72.1%, and the percentage of abnormal eggs with more than 2 oil globules especially increased when fed the corn oil diet. The productivity of normal larvae was better than that on the corn oil diet alone,1, 3, 5) but lower than that on the cuttlefish meal diet. Thus quality of red seabream eggs was found to be greatly influenced by the quality of diets given to broodstock even during spawning. Proximate composition of buoyant eggs and deposited eggs is shown in Table 11 . There was no marked difference in proximate composition of buoyant eggs produced by each experimental broodstock as observed previously,3) except for a slight decrease of crude ash content in the groups fed diets 6 (raw krill) and 7 (vitamin E). The crude ash content was higher in deposited eggs than buoyant eggs as noted in the previous experiment.3) This may be caused by permeation of seawater into eggs due to the loss of membrane potential of the deposited eggs. This is also supported by mineral composition of deposited eggs which were high in Na, Mg, and Mn, rich in seawater (Table 12 ). The higher ash content reflected a lower protein content in the deposited eggs.
The mineral distribution of both buoyant and deposited eggs was little influenced by the mineral comrosition of diets as shown in eggs, slightly lower in eggs from the broodstock receiving diets 6 (raw krill) and 10 (2.5% krill polar lipid). The cholesterol level was slightly higher in eggs from the broodstock fed diets containing intact cuttlefish meal and each a fraction of krill lipids. The fatty acid composition of both buoyant and deposited eggs is shown in Table 14 . The eggs produced by all dietary groups had almost the same fatty acid profiles except for diet 12 fed group. It was however noted that the concentration of n-3 HUFA was higher in the deposited eggs. In the eggs produced by the broodstock fed on the cuttlefish meal diet (diet 3) and the corn oil diet alternatively, the percentage of 18:2n-6 was the highest and that of n-3 HUFA the lowest. The percentage was especially higher in the deposited eggs. Tables 15 and 16 show the changes in fatty acid distribution of both buoyant and deposited eggs obtained from the broodstock fed on both the diets during the period of spawning from May 5 to 25. The percentage of 18:2n-6 was kept in low values of 4.4 to 5.1% for the first week after the initiation of feeding, and that of n-3 HUFA increased from the initial value of 22.1 to 26.0%. The former acid gradually accumulated and reached a plateau at 22.3%, after 20 days feeding. The n-3 HUFA level was inversely proportional to the 18:2n-6 level. These facts indicate that 18:2n-6 is not utilized in red seabream eggs, and that accumulation of this fatty acid resulted in decrease in the n-3 HUFA level and increase of 18:1 which is one of the characteristics for red seabream receiving an EFAdeficient diet. The broodstock had accepted almost the same amount of both the diets, however, corn oil rich in 18:2n-6 seems to have a greater effect on the fatty acid composition than cuttlefish liver oil, leading to the production of Table 13 . Lipid classes of both the buoyant and deposited eggs from each experimental broodstock Table 14 . Fatty acid composition of both buoyant and deposited eggs from each experimental broodstock (area%) Table 15 . Changes in fatty acid composition of total lipids from buoyant eggs produced by the red seabream broodstock fed the cuttlefish meal diet and the corn oil diet alternatively every three days (area %) Table 16 . Changes in fatty acid composition of total lipid from depositted eggs produced by the red seabream broodstock fed the cuttlefish meal diet and the corn oil diet alternatively every three days (area %) medium quality eggs. No elevation of 20:4n-6
and 22:5n-6 was observed in these eggs, suggesting no conversion of 18:2n-6 to these n-6 fatty acids in red seabream. The same tendency was observed in the deposited eggs. These results briefly outline the dietary role in egg quality, an aspect warranting further research.
